About 1 in 5 sexually active adults in the United States has serologic evidence of genital herpes caused by herpes simplex virus type-2. Neonatal herpes simplex virus infection is a serious consequence of genital herpes infection. Herpes infection in neonates causes significant morbidity and neurologic damage and generally has a case-fatality ratio untreated of 60%. It is estimated that 440 to 1320 cases of neonatal herpes infections occur in the United States per year (11-33 cases occur per 100,000 live births). Given the challenges in surveillance for genital herpes due to the large number of asymptomatic infections and infrequent laboratory-based diagnosis, we recommend that to begin an effective national control program for herpes infections, a mandatory national surveillance system for neonatal herpes be implemented. Such a system would help assure appropriate therapy, help monitor trends and understand the burden of disease, identify risk determinants, and evaluate prevention efforts.
GENITAL HERPES IS A common sexually transmitted disease affecting 1 out of 5 sexually active adults in the United States. 1 It is caused primarily by the herpes simplex virus type 2 (HSV-2), as well as type 1 (HSV-1). HSV-2 is usually spread through sexual contact and is associated with genital infections. HSV-1, which is normally associated with recurrent oral herpes labialis, "cold sores," is increasingly recognized in genital infections. 2 HSV infections are lifelong viral infections with long periods of clinical latency and short periods of active disease. Although HSV infections can be associated with recurring painful blisters, most affected individuals show no or minimal symptoms. Maternal to child transmission of HSV may result in neonatal HSV infection, clinically manifesting as disease of the skin, eye, or mucosal membranes; encephalitis; or disseminated disease involving multiple organs.
Neonatal HSV infection is a serious consequence of genital HSV infection. Untreated neonatal HSV infection carries a mortality rate as high as 60%. 3 However, 60% to 80% of children with neonatal HSV infection are born to women with no history of genital HSV infection. 4 Therefore, screening mothers at risk for transmitting HSV infection by taking a medical history from the mother is not sufficiently sensitive for this lethal disease. While recent type-specific serologic assays for HSV-infection have become available, there are no clinical studies demonstrating their efficacy in reducing neonatal HSV transmission.
Over the past 30 years, improvements in the diagnosis and management of neonatal HSV infection have reduced mortality and morbidity. 5 Since neonatal HSV infection is a rare disease, pediatricians may not be familiar with up-to-date treatment recommendations. Making neonatal HSV infection a reportable disease will help public health programs assure physicians are familiar with optimal patient care. Educating physicians on signs and symptoms of neonatal herpes can lead to more timely diagnosis and treatment. Of equal importance, it would allow public health professionals to conduct essential disease-control activities such as epidemiologic investigations, public health research, and evaluation of prevention efforts.
Epidemiology of Genital Herpes Simplex Virus Infection
Since there is no reporting system in place for genital HSV infections in most states and infection is often unrecognized, populationlevel assessments of disease are limited and rely on research studies. The impact of genital herpes in the US population has been studied indirectly through serologic data gathered through the National Health and Nutrition Examination Surveys (NHANES). Population-based serologic studies, such as NHANES, are the best estimates we have for HSV infection rates and are considered adequate to measure rates of infection but fail to measure important burdens of HSV-associated disease such as neonatal infection, genital ulcer disease, or aseptic meningitis. Those surveys are population-based surveys of the noninstitutionalized civilian population of the United States aged 12 to 74 years conducted by the Centers for Disease Control and Prevention. According to NHANES III (1988 -1994 , the seroprevalence of HSV-2 infection was 21.9% among study participants. 1 That prevalence corresponds to 45 million people being infected with HSV-2 in the United States. Those researchers estimated that 1 million new infections occurred each year, based on changes in age-specific prevalence. The ageadjusted seroprevalence increased from 16% in NHANES II (1976 -1980) to 21% in NHANES III; that increase was most dramatic in younger age groups. The prevalence was also higher in women (25.6%) than men (17.8%). A 2002 serosurvey in suburban primary care physicians' offices nationwide showed a similar seroprevalence of 25.6%. 6 
Economic Issues in Genital and Neonatal Herpes
The economic burden of genital HSV infection in the United States is substantial. In a cost assessment based on 2 approaches-(1) a survey of physicians analyzing healthcare resource utilization and (2) a large administrative claims data set-it was estimated that the total direct costs ranged from $283 to 984 million in 1996. Indirect costs were calculated using the human capital approach, which calculates time consumed by hospitalization, time lost from work, and travel/waiting room time, and bases its costs on an average hourly wage of $14. Indirect costs measured up to $214 million from production losses. 7 Among the American youth aged 15 to 24, it was estimated that in the year 2000 the total direct medical costs were $292.7 million. That ranks third in cost among the 8 major sexually transmitted diseases in the United States in 2000, following HIV and HPV. 8 The average cost of neonatal herpes has been approximated using acute hospital care costs and various long-term services. In 1999, the average cost of neonatal HSV-1 infection was estimated to be $14,561 and $45, 478 for neonatal HSV-2 infection. 9 
Epidemiology of Neonatal Herpes Simplex Virus Infection
Neonatal HSV infection is a serious consequence of genital HSV infection. If left untreated, its case-fatality ratio of up to 60% makes it as dangerous as any neonatal infection. 10 It is estimated that 11 to 33 cases occur per 100,000 live births per year in the United States, 11, 12 or approximately 440 to 1320 cases for the 4 million births occurring in the United States each year. 13 In a more recent study of neonatal HSV infection rates in Washington State, women with all HSV serologic classifications were at risk for transmitting HSV to their infants. HSV-seronegative mothers had the highest rate of neonatal HSV infection, 54 per 100,000 live births, while women that were HSV-1 and HSV-2 positive had infection rates of 26 per 100,000 and 22 per 100,000 live births, respectively. 14 Of those infants that do survive, there are often serious lifelong debilitating consequences, with over 50% of infants having moderate or more severe neurologic impairment. 15 Neonatal HSV infection is acquired 3 ways. Most transmission (90%) results from exposure to infected cervicovaginal secretions from an active maternal genital infection at delivery. 3 Newly acquired maternal HSV infections before the development of maternal antibody, particularly those acquired during the third trimester, are responsible for approximately half of the cases of neonatal HSV infection; the remainder is acquired from mothers experiencing a reactivation of HSV infection at delivery. Of the remaining 10%, 5% of neonatal HSV infections are acquired in utero and the other 5% occur from contact from a nonmaternal source. 16, 17 Maternal transmission to the infant is greatly influenced by the mother's serologic status. If HSV-1 or HSV-2 infection was acquired by the mother late in pregnancy and she has not yet seroconverted before delivery, then 15%-50% of vaginally delivered infants become infected. However, the risk of an infant being infected falls to less than 1% among women with prior or longstanding infection. 18 
Clinical Presentation of Neonatal Herpes Simplex Virus Infection
Neonatal HSV infection acquired at delivery presents itself in 3 forms. Disease localized to skin, eye, or mucosal membranes represents about 40% of all neonatal HSV infections and presents within 3 weeks of delivery. 3 Central nervous system (CNS) disease represents about 35% of cases of neonatal HSV infection and also presents within 3 weeks of delivery. 3 However, nonspecific symptoms and signs make CNS disease difficult to diagnose, and it should be considered as a diagnostic possibility in any infant with altered mental status less than 6 weeks of age. Disseminated disease constitutes about 25% of cases and usually presents within the first week of life. Disseminated disease may be present as neonatal sepsis or jaundice; it is difficult to diagnose and has the worst prognosis for the infant. 3 The prognosis for neonates with HSV infection is dependent on the form of HSV infection. Before the use of antiviral therapy, 85% of neonates with disseminated disease died, while 50% of neonates with CNS disease died. With the use of antiviral therapy, mortality rates decreased to 54% (disseminated) and 14% (CNS disease). 5 The rapid diagnosis and treatment of neonatal HSV infection has great medical benefit. Antiviral therapy for HSV infection has reduced the mortality of neonatal HSV infection from 60% to about 10%, although neurologic sequelae may remain. 19, 20 However, when the mean time between the onset of disease symptoms and initiation of therapy was compared from the early 1980s to the late 1990s, no progress has been made in decreasing the time from symptoms to treatment. 21 Improvement in disease outcome can only occur if this interval is decreased. 21 Raising the awareness of this condition among primary care providers, through a surveillance program, can facilitate quicker initiation of therapy.
Surveillance for Genital and Neonatal Herpes Simplex Virus Infection
Because there is no comprehensive national surveillance program for neonatal HSV infection, trends in incidence, complications, and clinical outcomes are gross estimates. This complicates the development and evaluation of effective prevention strategies. An awareness of that problem led expert consultants at a meeting convened by Centers for Disease Control and Prevention in May 1998 to recommend that the Centers for Disease Control and Prevention "support surveillance demonstration projects for genital and neonatal herpes in a variety of populations and geographic areas" and use those projects to "explore the efficacy and feasibility of various approaches to surveillance and their abilities to assess trends and the efficacy of prevention efforts." 22 However, to date those recommendations have not been translated to public policy.
Sixteen states list genital herpes as a reportable disease, but there is variability in both the methods and quality of reporting. Often, there are few cases reported, and quality assessment of reporting is infrequent. 23 The asymptomatic and recurrent nature of genital HSV infection makes it a difficult disease to monitor: often, it is not clear if clinical manifestations such as vesicles or ulcers represent newly acquired HSV infection or recurrent symptoms, making disease reporting based on symptoms in adults both insensitive and nonspecific. Unreliable ICD-9 coding for diagnosed cases, a lack of provider familiarity with HSV diagnostic tests, and the variable use of those HSV diagnostic tests are also barriers to effective surveillance. Those and other barriers were found in a study trying to determine the incidence of neonatal HSV infections from past discharge and death records in California. 24 That study found potential problems with possible missed diagnoses and diagnostic codes that did not differentiate between primary or recurrent genital HSV infections at the time of delivery, or merely a history of lesions.
Although there are potential problems with neonatal HSV infection surveillance as well, focusing on that subset of HSV infection as a surveillance measure may be more practical and feasible. Currently there are 4 states (Connecticut, Massachusetts, South Dakota, and Washington) that have neonatal HSV infection on their list of reportable diseases. A recent evaluation of the state of Washington's provider-based neonatal herpes surveillance sys-
that the sensitivity of case reporting was extremely low (1.8%) (Dr. Fujie Xu, personal communication, April 12, 2004) . Although the disease is rare in neonates, laboratory tests that are routinely used to confirm infection are available. Australia has been able to run a successful active national neonatal herpes surveillance system since 1997. Through December 2003, the reported rate of neonatal herpes is 3.38 per 100,000 live births. 25 Implementing a mandatory national surveillance system for neonatal herpes would have many useful outcomes to public health (see Table 1 ). Neonatal herpes reporting would give a better epidemiologic understanding of the infection. It would enable public health professionals and researchers identify maternal risk determinants, monitor trends in infection, and estimate the burden of disease. It would identify cases that may have been prevented or inappropriately treated, resulting in opportunities for direct clinical education. That information could be used to promote prevention and disease control strategies by identifying populations at risk or geographical areas for interventions. Through provider education, the correct and consistent use of HSV diagnostic tests can be achieved.
We propose that a surveillance system for neonatal HSV infection use the following case definition:
Herpes Simplex Virus Neonatal, Clinical Description
Infection with herpes simplex virus in utero or perinatally, resulting in clinical manifestations including vesicular lesions of the skin, eye, and/or mucosal membranes; CNS involvement with meningoencephalitis and/or disseminated disease in a newborn less than 6 weeks of age.
Laboratory Criteria for Diagnosis
Isolation or detection of herpes simplex virus by culture, antigen detection, and/or nucleic acid amplification from a clinical specimen. Histologic evidence of HSV infection from an autopsy in the case of death.
Case Classification
Probable: a case of clinically compatible illness in a newborn without other known causes of congenital infection.
Confirmed: a case that is laboratory confirmed. Laboratories and medical providers would be required to report cases, with information including the infant's name, gender, age or date of birth, race/ethnicity, address of residence, specimen type, anatomical site of specimen, date of specimen collection, test performed, date of test result, test result, and type of delivery, as well as physician name, office address, phone number, facsimile number, and e-mail in each case of probable or confirmed neonatal HSV infection in newborns less than or equal to 6 weeks old to the local health department by mail, fax, or electronically within 1 calendar day. Although this time frame may be viewed as demanding by some laboratories, we still suggest that reporting be done within 1 day of establishing the diagnosis in order to assure proper treatment for affected neonates. Assurance of appropriate and timely treatment is an important public health responsibility, particularly for rare diseases, like NHSV.
By implementing a reporting system that is laboratory based, rather than one relying on providers, the previous inadequacies that were observed with neonatal HSV infection surveillance can be overcome. Case reporting is more likely to be timely, which ensures accurate data and cases that are amenable to intervention and evaluation. When a laboratory generates a positive HSV test, it can be matched to the subject's date of birth and then reported if it meets the case definition. Neonatal HSV infection typically presents itself within the first weeks of life. Since diagnoses are sometimes delayed, extending the case definition to the first 6 weeks or 42 days of life would be more sensitive and assure the identification of cases. Confirmed cases would include a positive HSV test, including viral culture, direct immunofluorescent antibody, direct enzyme-lined immunosorbent assay, polymerase chain reaction, or histologic diagnosis. Any isolation or detection of HSV in a newborn has a high specificity for infection, with most tests having specificity greater than 99%. Probable cases without a laboratory confirmation would be reported by medical providers. This system is simple, which can increase the amount of cases reported and will likely result in reliable data.
Optimizing Prevention Strategies
Cesarean deliveries are serious, costly procedures that often result in substantial maternal and child morbidity. 26 In an attempt to prevent cases of neonatal HSV infection, cesarean deliveries were routinely performed in women with a history of genital HSV infection. More recently, there have been some changes in practice, and cesarean delivery is currently recommended only for women with genital herpetic lesions at the time of delivery. With this recommendation, the number of caesarean deliveries in California has decreased from 1985 to 1995 without a change in the number of infants discharged with a diagnosis of HSV infection. 24 However, the current recommendation may still lead to an excessive and unnecessary number of cesarean deliveries.
Since most women with recurrent genital lesions of HSV infection are not at great risk for transmitting HSV to their child, performing cesarean deliveries based on the presence of genital lesions might lead to excess procedures with minimal clinical benefit. When the efficacy, risks, and costs of cesarean delivery were examined in women with genital HSV lesions, it was concluded that women with primary infections at delivery should have a cesarean section. However, cesarean sections for women with recurrent infection result in unnecessary high maternal morbidity and mortality, as well as high financial expense. 27 However, changing clinical practice may raise issues of liability until professional guidelines are changed. A neonatal HSV infection surveillance system would permit a closer examination of the link between delivery type and neonatal HSV infection and provide better data on the morbidity of cesarean delivery, which can contribute to changes in recommendations.
Recent research demonstrates that there may be an effective HSV vaccine in the near future. The potential public health impact of a vaccine is great, especially for women. 28 Establishing a neonatal HSV surveillance system before an HSV vaccine is implemented would provide a baseline rate of disease to evaluate the impact of a vaccine once it became available. It would also help document the burden of neonatal HSV infection, likely increase public acceptance of the vaccine, and help in the evaluation the effectiveness of a vaccine in preventing an important and costly outcome at the population level and among high-risk subgroups. In HSV-infected women with recurrent clinical HSV disease, acyclovir prophylaxis at 36 weeks' gestation has been found to have many clinical benefits at delivery. That antiviral therapy has been found to reduce clinical HSV recurrence at delivery, reduce the frequency of cesarean delivery for recurrent outbreaks, and reduce both total and asymptomatic HSV detection at delivery. 29 The current Canadian guidelines have been revised to recommend the use of suppressive acyclovir for the last 4 to 6 weeks of pregnancy in pregnant women with a history of genital HSV infection (Dr. Barbara Romanowski, personal communication, October 8, 2004 ). The American College of Obstetricians and Gynecologists also recommends antiviral therapy for women with primary and recurrent HSV episodes. 30 When adverse pregnancy outcomes were examined in women that were exposed to acyclovir during pregnancy in a case-control study, both the systemic and topical use of acyclovir did not pose a reproductive hazard, specifically with malformations at birth or preterm delivery. However, since there were limited data for spontaneous abortions, low birth weight, and stillborns, the results for those outcomes remain inconclusive. 31 When the cost-effectiveness of prenatal acyclovir suppression in pregnant women with a history of genital herpes was analyzed, it was found to decrease the direct average cost for obstetrical care and delivery in women. In all women with a history of genital HSV infection, acyclovir use resulted in an estimated savings of $183 per patient, which nationally translates to $36,600,000 per year. The savings were even more substantial in women with their first episode of HSV infection and women with frequent recurrences of HSV infection, $455.00 and $391.00 per patient, respectively. 32 In addition, small studies suggest that acyclovir taken by the mother in the last 4 weeks of pregnancy can potentially help reduce the frequency of recurrent herpes and therefore the need for cesarean deliveries. 33 A neonatal HSV infection surveillance system would further help to evaluate this potentially dramatic effect.
Another type of proposed prevention strategy is the use of type-specific serologic screening tests for HSV infection in pregnant women. 10 Type-specific screening in pregnant women and their partners could also help prevent neonatal HSV transmission through use of appropriate antiviral therapy, route of delivery, and prevention counseling. Women at highest risk for transmitting HSV infection to their infants are those with newly acquired HSV infections, while the risk of transmission is estimated to be less than 1% in women with recurrent HSV infection. 3 If pregnant women were identified as being susceptible to HSV infection (i.e., HSV-antibody negative with a HSV-seropositive partner), those women could be advised to practice abstinence or consistent and correct condom use in their third trimester to prevent newly acquired HSV infection. Effective risk reduction could avoid cesarean sections and neonatal HSV infection. In addition, potentially infectious sex partners could use suppressive therapy for HSV infection to decrease the likelihood of transmission. 34 In one study in which pregnant black teens were screened for HSV-2 infection during their first prenatal visit, 21.3% were HSV-2-seropositive; only 1 out of 127 knew she was infected. 35 The remaining 79% of those teens were at risk for HSV-2 acquisition during their pregnancy. Many of those teens reported having unprotected vaginal sex within the last 30 days, 14% reported having multiple partners after suspecting pregnancy, and 29% believed their boyfriend was having sex with other partners. With those high-risk behaviors and the high prevalence of HSV-2 in the population, HSV screening can provide the opportunity for counseling and education to decrease the risk of acquiring HSV-2 infection during the remainder of the pregnancy.
Screening for asymptomatic infection in adults is safe and without significant psychological harm. 36 Adults that tested positive for HSV-2 antibodies had no significant change in mental health score from baseline or difference in mental health scores from adults that tested negative. HSV-2-seropositive adults did have a decline in positive sexual attitude at first, but the difference was temporary and no longer remained after 3 months.
Conclusion
Neonatal herpes is a serious consequence of genital herpes infection. With the increased prevalence of genital HSV infection in the US population, newborns are at continued risk for neonatal HSV infection. Without a neonatal HSV surveillance system, we are unable to perform essential public health activities. Instituting a mandatory laboratory-based national neonatal HSV infection reporting system would permit enhanced opportunities and measurable outcomes for disease control, prevention, and monitoring.
